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Since 1985, the National Academy of Sciences and the National Academy of 
Engineering have engaged in a series of high-level discussions on advanced 
technology and the inieniatiaiial eaviranmeiit with a oounierpart group of Japa- 
nese scientists, engineers, and industrialists. One outcome of these discussions 
was a deepened understanding of the impoitance of promotuig a moie balanced 
two-way flow of people and mfonnation between the feseaich and developnienc 
systems in the two countries. Anodier result was a broader recognition of the 
need to address the science and technology policy issues increasingly central to a 
changing U.S.-Japan relationship. In 1987, the National Research Council, the 
operating arm of both the National Academy of Sciences and the National Acad- 
emy of Engineering, authorized first-year funding for a new Office of Japan 
Affairs (OJA). This newest program element of the Office of Intemaiiooal 
Affairs was formally established in the spring of 1988. 

The primary objectives of OJA are to provide a resource to the Academy 
complex and the broader U.S. science and engineering communities for informa- 
tion on Japanese science and technology; to promote better working relationships 
between the technical communities in the two countries by developing a process 
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suzrounding a changmg U.S.-Japan science and technology relatioiiship. 
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Preface 



The Office of Japan AfTain of the National Reaeaich Council is oiganizing a 
series of woriEshops on the ffiffeiences and similarities hi the working environ- 
ment for research m Japm and the United States with the support of a giant finom 
the U.S.-Japan Foundation. Understanding these differences is essential to 
American scientists and engineers to improve access to J29)an's research system, 
and to expand mutually beneficial collaboration between the two countries. 

The bilateral dialog on "Coexistence in a Technological World: Coopcraiion 
and Compciiiion in R&D" consists of three workshops, focusing in turn on 
universities, bridging organizations, and corporaticxis as research settings. Each 
workshop brings together senior scientists, engineers, and others involved in and 
concerned about research and development in the two countries. The second 
worksh(^ on national labs and other non-acadcniic, non-industrial organizations 
was held June 5-6. 1989. at the Beclonan Center, the West Coast fiicility of the 
National Academies of Sciences and Enghieering. The discussions focused on 
''bridges** between national labs and other sectors hi electronics and new materials 
leseaich, on professional associations and consulting organizations, and on die 
prospects for iniemational oollaboration. This report, prqnied by die Office of 
Japan Affairs, highlights die major insights gameied from that two-day meeting. 
It is not a proceedings of the woflcshop, nor does it represent the consensus of die 
participating members. 
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1 

Introduction 



The United Stntcs and Japan are now approaching a relationship of compara- 
tive strength in fields of science as well as technology. Japan's success in the 
marketplace is based on engineering capabilities, in particular those that contrib- 
ute to the development and commercialization of high technology products. 
While the strength of American scientific research is unmatched anywhere in the 
world, new efforts will be needed to maintain leadership in many fields of 
science, to improve capabilities needed to acquire and adapt technology from 
alx'oad, and to efficiently produce and market products globally. 

This new context presents challenges and opportunities for American and 
Japanese researchers, businesspeople, and policymakers. A central question is 
how to iinpfove access lo Japanese sdenoe and technology. Improved access and 
coUaboiation in leseaich and development (RAD), if carefully stnictured, should 
ultimately benefit both countries. There is a special urgency because of the veiy 
real possibility that frictions and restrictions will result if these questions are not 
addressed effectively and soon enough. 

There are many reasons that can be given for why there are so many more 
Japanese researchers in U.S . laboratories than vice versa. The dearth of American 
technical personnel with Japanese language capability, the lack of Japanese 
experience in transferring technology to advanced industrial countries, the weak- 
ness in U.S. capabilities lo access foreign technology, and inadequate knowledge 
of where the best research is going on in Japan all come to mind. These factors 
all relate to differences in the ways that the two countries conduct R&D. They 
also highlight the need for improved understanding of how Japan's R&D system 
woriis. "You have to know the system" to work it and woik in it — this is the basic 
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rationale for a series of bilateral meetings organized by the National Research 
Council's Office of Japan Affairs in cooperation with the Japan Society for the 
Promotion of Science (JSPS) and other organizations in Japan. 

The value of a U.S.-Japan dialog on R&D systems is clear for Japan as well. 
For years, Japanese researchers have experienced first hand the working environ- 
ment for research in the United States. Today, however, Jajnii is attempting to 
improve its basic lescardi effort as well as to move into new fields of advanced 
teclmology R&D. In this context* theie is still much that Japanese fesearcfaeis can 
learn fhxn tlie U.S. R&D system. 

This report covers insights gained from a two-day bilateral meeting held on 
June 5 and 6, 1989 at the Bedanan Center, the West Coast meeting center of the 
National Academies of Sciences and Engineering in Irvine, California. The 
participants included senior scientists, engineers, and leaearch managers from 
national laboratories, private corporations, and other organizations in the two 
countries. The meeting was designed to focus on organizations that are neither 
purely academic nor purely industrial — the wide array of national laboratories, 
professional associations, consulting organizations, and "hybrid" organizations 
(such as government-sponsored joint R&D projects carried out by industry in 
Japan). The two chairmen were Roland Schmitt, president of Rensselaer Poly- 
technic Institute and formerly senior vice president, science and technology at 
General Electric, and Sogo Okamura, professor of Tokyo Denki University and 
former dean of the school of engineering of the University of Tokyo. The meeting 
was the second in a series of three. A report of the first meeting, Leanung the 
RAD System: University Research in Japan and the United States is available 
from the OfiTice of Japan AfG^rs. A third meeting on industrial R&D is planned 
for early 1990. 

Prepared by the Office of Japan Affairs, this report highlights parts of the 
discussion that shed light on the way that R&D is conducted in the two countries, 
and on the broader implications for collaboration between the United States and 
Japan. It is not a consensus document or a conference proceedings. Nor is it an 
exhaustive treatment of ihc many non-academic, non-industrial research organi- 
zations in the United States and Japan. 
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Comparing the Non- Academic, 
Non-Industrial Research Organizations 
In the United States and Japan: 
Overview and Categorization 



In both the United States and Japan there are a host of oqsaniations not easily 
categorized as **acadeinic** or '^industrial** that perfonn important roles in RAD 
(see Table 2- 1). Categorizing these oganizations in either national context is not 
an easy task, since they take many foims and perform a wkie array of fimctioiis. 

Comparing and contrasting the oi^ganizations in the two countries is even more 
challenging, because organizations called by similar names may perform quite 
different functions and axe in many cases funded and organized in strikingly 

different ways. 

TTicre arc a number of reasons why comparing and contrasting these organiza- 
tions is nevertheless wonli while. According to the National Science Foundation 
(NSF), in 1985 government and not for profit organizations together performed 
significant shares of the total R&D effort in both countries — 13 percent in Japan 
and 15 percent in the United States.* There are more than IjOQO "research 
institutes" in Japan that spend as miKh as Japan's colleges and onivenities on 
R&D.* In Japan* this category of research institutes includes govenunent Istaa- 
tories and other oiganizations that are not expected to be aelf-supporting, as weU 
as special corporations that are. Nippon Tefegnph and Telephone (NTI^, which 
from a U.S. peispective might be called a jouit slock company by virtue of the lact 
that stock ownership is shared by the government and the private sector, falls into 
this category although it is called a private company in Japan.' Expenditure per 
researcher in these organizations, moreover, was three times that in universities 
and c vcn exceeded the per researcher eaqienditure in J^anese companies in recent 
years.* 

Another reason for making ihe effoa to learn more about these organizations 
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TABLE 2-1 Non-Academic. Non-Industrial Research and Development 
(R&D) Orgdnizations in the United States and iapsti 



OwMiih^ Fundiiig 





Government 

Goveminenl-Own«J Govemmeni Operated National Laboratories 
Government-Owned Contractor-Operated National Laboratories 
*Spedal Corporttkm (staffed by dvfl seivaKi or priiMB cnp^^ 


Rndioni 


UmudSiaUi 

Fermi High Energy Laboratory 
Naval Research Laboratory 
(Stanfonl Linav Accdemor GcMcr) 


Japam 

National insulate for Radiological 
Sciences 

(National Laboraloiy for High Enaiy 

Physics) 


Applied 
Research 


Sandia Naiknal Labomones 
Lawnace livmnoiB Utenttocy 
Environmental Reseaidi 
Laboniories 


Technical Research and Development 
hstitDie 

National Aerospace Laboratory 
^Ji^MUi Atomic Iincrgy Research Institute 
^National Space Development Agency of 
Japan 

•Power Reactor and Nuclear Fuel 
Development Cotpoiatian 


Regulations, 
Standards 


National Institute ot Sumdards aiui 
Technology 


National Research Laboiatoiy of 
Metrology 


Suppoftfor 
RAD 
Useful to 
Industry 


National Institute of Standards and 
TMhnology 


Agency of Industrial Science and 

Tednology 
Research DevdopmeatCbiponiianaf 

Japan 


Seivices 


Aiyouie NatiQiial Libonliify 


•Japan Atomic Energy Research Institute 
•Power Reactor and Nuclear Fuel 
Development Corporation 


Policy 
Analysis 




National Institute for Science and 
TecfanokfyPDliey 



Note: Representative exan^les are included. Some organizations perform many different functioni. 
llioae m pueniheHt wBie oomed m fNeviont needag. 
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Ownenhipb Fimding 





"Hybrid^ 

Government -Sponsored CoMOItUI 
Joint Slock Companies 
PiiMic SloA C^fff— 


UnktdSiaUM 




UmttdSkOu 


Japan 








NHK 
KDD 
NTT 










Bauelle 

SoutbweA ReseMdi 


Pn^essional 


Sematech 


Key Technology Center Projects 
Very Large Scale Imegraied 

Circuit project 
Optoelectronics Joint Research 

Ulxiratofy 
Govenment-ipaaiaed Gtmioitia 


Professional 
Ataociatioos 


Professional 






National Academy of 

Scienoea 
National Academy of 

Engineering 
National Research 
Council 


Tbink Tanks 
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is thai some of them play significant roles in R&D useful to industry. In contrast 
to the situation in the United States where debates continue over whether it is 
appropriate and feasible to add a technology transfer mission to the roles of the 
naijonal laboraioncs. a number of Japanese nauonal laboratories were established 
specifically to carry out R&D useful to industiy. In 1987, almost 85 pocentof the 
R&D carried out by non-academic, noo-industrial lesearch institutioas in Japan 
was reported ID be applied or developmemal/ Imhecomextofincicasinginierest 
in die United Stales in establishing R&D consortia and odier oiganizations diat 
involve goveniment as well as private sector paftidpaiioo in leseaich useful to 
industry, an examination of some of die liybrid* oiganizaiions established in 
Japan is timely. However there should be no assumption made that it would 
necessarily be possible or appropriate to iniiiaie these focros in die U.S. setting. 

By virtue of the fact that these organizations are in most cases supported by the 
government in one way or another, they also offer special possibilities for ex- 
panded foreign participation under the terms of the U.S.-Japan Agreement for 
Cooperation in Science and Technology signed in 1988. Questions about the 
quality and working environment for research in these organizations, however, 
cannot be fully resolved here. 

This report covers national laboratories, profesiionai associations, consulting 
organizations, and examples of "hybrid" organizations that involve both govern- 
ment and private sector participation. Based on the discussions of a two-day 
meedng. die report is in no sense an exhausdvt account of the myriad organiza- 
tions m die two countries diat are neidier purely academic nor purely private. 
Senior scientists, engineers, and research managers who attended the meetiqg 
emphasized die value of developing a classification diat highlights the striking 
variety of functions and organizational forms apparent in both countries. 

The "government-owned** research organizations^ are perhaps the most famil- 
iar of the research organizations under consideration here. In most Organization 
for Economic Cooperation and Development (OECD) countries, the research 
effort in the government sector is generally on a par with the higher education 
sector, but relatively little is known about it and there has been questioning of its 
role during the past ten years7 As will be explored in more detail below, the 
questioning coiKcms the contribution that these organizations can and should 
make to innovation and technology development. In this sense, the U.S.-Japan 
contrast drawn here should be understood in light of broader trends apparent in 
the OECD countries. 

In both countries, the nauonal laboratories perform a wide range of R&D tt> 
meet national goals. Individual bboratories atoo cany out R&D in a variety of 
areas. Many U.S. federal htoalories set out to perform basic research: msotne 
cases die research results in useful hidustrial applicadons. Although Japanese 
national laboraumes are more oriented toward applications, die National Iiistilute 
for Radiological Sciences is an example of one that conducts basic physics and 
chemistry research.' 
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National labs also conduct appUed RW in areas consideied 10 
ability of the govenmient such as eneigy. the enviiomnent, and defense. Ex- 
amples in the United Stales include the Department of Energy's (DOE) civilian 
eneisy labs. Environmental Pkocectioii Agency labs, and defense-related research 
organizations such as Lawrence Livermore and Sandia National Laboratories. In 
Japan, the Technical Research and Development Institute (TRDI) is the only gov- 
ernment-owned research organization with an explicitly defense- related mission. 
In contrast to other ministries that operate national labs in Japan, the Japan 
Defense Agency (JDA), which operates TRDI, has enjoyed significant funding 
increases during the past five years.' Laboratories such as those at the Arnold 
Test Center in the United States and the National Aerospace Laboratory in Japan 
carry out applied R&D in the national interest that in some instances is also of 
interest to industry. 

In the United Stales the National Institute of Standards and Technology (NIST) 
has played a role in standards development through its industrial research and 
participation m standards committees. Sunilar functions are carried out in Japan 
by Agency for Industrial Science and Technology (AIS1) lab8» such as the 
National Research Laboratory of Metrology, under the Ministry of International 
Trade and Industry (Mm). 

A significant contrast can be found in the fact that the AIST labs were 
established to carry out R&D useful to industry. These labs and the AIST 
headquarters together had a budget of less than one billion dollars in 1988 and 
employed 2,500 researchers.^^ While these labs make up a comparatively small 
percentage of the total budget or staff of Japanese national labs, they represent a 
distinct contrast to the situation in the United States where there is only one 
national laboratcny (NIST) with an explicit mission of assisting in research useful 
to industry. For purposes of comparison, NIST operates with an estimated budget 
of $278 nullion in 1990 and has 2.900 permanent positions. 

Itts interestmg to note that Japanese national laboratories hidude the National 
Institute for Science and Technology Policy (NISTEP), an institute esiablisfaed 
separately under the Science and Technology Agency (STA). NISIEP does not 
conduct physical research, but is tasked widi science policy development Al- 
though similar types <tf science policy studies are conducted within the NSF, there 
is no parallel to NISTEP among the U.S. federal laboratories. 

A noteworthy aspect of Japan's research organizations involved in applied 
R&D is the prominence of public corporations, or tokushu hojin, which are legal 
entities according to government legislation and are largely financed by the 
government. As noted above, many of these public corporations are not expected 
to be self supporting, as is the case with the National Space Development Agency, 
the Power Reactor and Nuclear Fuel Development Corporation, and the Japan 
Atomic Energy Research Institute. NTT (which is formally privatized but where 
significant government stock ownership continues) is a self-supporting organiza- 
tion with a market value of more than $160 billion that has no parallel in the 
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United Stales. With an operating budget of $43 billion dollars, NTT carries out 
and commissions a great deal of R&D useful to industry and is included among 
the special corporations for the purposes of the annual survey of R&D in Japan. 
It should be noted that public corporations in Japan make up a larger share of 
R&D expenditure than national laboratories and their budgets have increased 
significantly in recent years. 

When we consider tfie R&D organizations that are not predominantly govern- 
ment-owned or govemment-fiiiided and not "pufely** private, the private, non- 
profit professiona] associations play important but dilfeicm roles in the two 
countries. Noo-piofit professional associations (such as the National Academy of 
Engineering, NAE) in the United States help lo set national priorities for RAD 
useful ID industry and serve as channels for exchanging views among industry, 
government, and university sectors. The Japan Engineering Academy, recently 
established, represents a private sector initiative to develop an organization out- 
side the government that performs some of these functions. In Japan, most 
professional associations are authorized by government agencies. The JSPS, 
which supports inlcmational scientific and technical exchanges, is a semigovem- 
mental organization which has no members but a number of industry-university 
cooperative committees and other programs, ft-ofessional associations and socie- 
ties in Japan, unlike those in the United Slates, organize research committees that 
actively carry out projects in applied areas such as the development of computer- 
aided design and manufacturing (CAD/CAM) systems. 

There are no counterparts in Japan id die private, not for profit consulting 
organizations, such as BatteUe and Southwest Research Institute, that perform 
R&D for government as wdl as industiy. Consulting organizations per se are a 
comparatively new phenomenon in Japan and the hest known are private organi- 
zations that apparently still perform some ynkk for their parent organizations. 
Mitsubishi Research Institute (MRI), for example, has no litoatories and does 
not cany out physical R&D in the sense that BaUelle does. 

In Japan, however, there are many engineering research associations that are 
organized as non-profit legal cn lilies lo carry out specific research projects and 
arc administered by government agencies. Engineering research associations 
administered by MITI are particularly prominent." By virtue of the fact that 
funding is shared by the government and private industry, these organizations can 
best be viewed as "hybrids." Organized to carry out specific projects, Ihcy are 
dissolved or modified once the task has been completed. 

A distinctive feature of Japan's R&D system is the proliferation of research 
associations and other "hybrids" that enjoy some government funding but encour- 
age considerable initiative on the part of private companies involved. The Japan 
Key Technology Genter, with 70 percent of its fondmg fitom government, is a 
good example of how Mm can aa as a venture capitalist to encourqge R&D 
earned out by companies m their own laboratories. Other examples, discussed 
more fully below, include govemment-sponsoied consortia of private sector 
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companies involved in generic research useful to industry in fields like optoelec- 
tronics. Adaptation and organizational expen mentation with hybrid forms is 
under way in both countries, but Japan has by far the larger number of such 
"hybrid" R&D organizations and the longer track record. In the United States, 
Sematech reprcscnLs an effort to build indigenous U.S. capabilities in semicon- 
ductor technology research and manufacturing. It is, however, a comparatively 
new experiment. In contrast, Japan's engineering research association system 
was establidied in 1961 , inspired by a Bfitish system of coopeiative leseaich.^^ 
lliis complex mosaic of Ofiganizaiions that are neither purely academic nor 
pDiely private ooipoiations play important and highly varied roles m the RAD 
systems of Japan and the United States. In boih countries significant change is 
under way as many of these oiganizations aie chaUenged 10 adapt to risuig R&D 
costs and requirements for new expertise. In the sections that follow, these trends 
will be outlined in more detail and organizational differences will be explored 
with reference to specific organizations that are chosen for their importance in the 
respective system rather than because they aie **representative** of all such ofgani> 
zatioas. 
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National Laboratories, 

Special Corporations, and Other 
Government-Owned Organizations 



In the United States, there are 400-700 federal labs.'' ranging from the govern- 
ment-owned contractor-opera led (GoCo) labs of the DOE to the govemment- 
owned govemmeni-opcrated (GoGo) labs under other departments.'* They in- 
clude large multipurpose labs (eg.. Oak Ridge National Laboratory), single- 
purpose labs (eg., Fermi High Energy Laboratory), and user facilities (eg., the 
synchrotron light source at Brookhaven National Laboratory). There are 94 
national labs under 17 different ministries in Japan. Although Japan has no 
counterpart to the large multi-program labs of the DOE, its labs are nonetheless 
varied, ranging from industrial engineering-oriented labs to those with a policy 
oriefitation.*^ 

Hie U.S. govenunem peffionns atxml 12 pooent of the nation's R&D, com- 
pared to die Japanese government, which performs 9 percent of Uiat nation's total 
R&D.^* Japan's national labcialories, however, operate on only 3.3 percent of 
total national R&D expenditures, a share diat has heen dedmmg widi increasiog 
R&D expenditures by Japanese indnslry. Japan's 1988 national lab budget was 
256,544 million yen ($2 billion), compared to U.S. federal lab expenditures for 
R&D of an estimated $15.5 billion in 1987. If national laboratories aie Strictly 
defined, Japanese national labs receive a relatively small share of the government's 
R&D budget as well — 14.1 percent — compared to U.S. federal labs, which re- 
ceive 25.6 percent.''' While the share of the government R&D budget allocated to 
national labs has remained fairly constant in both countries since 1980, the overall 
U.S . government R&D budget has grown more quickly than the Japanese govern- 
ment R&D budget" 
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These data do not, however, include Japan's eleven public research corpora- 
tions, eight of which conduct their own R&D with significant govcmmcnt fund- 
ing. An additional 21.5 percent of the Japanese govetnment R&D budget goes to 
these institutions. Aocoiding to the STA, six of these reseaich otganizations 
leceived 293,172 millioa yen ($2 billion) in government capital funds, and an 
additional 63,512 million yen ($439 million) in subsidies in 1987.» On the U.S. 
side, the data do not reflect expendihnes made in federally funded research and 
development centers (FFRDCs), which are administered by universities, industry, 
and non-profit institutions. In 1987, the U.S. federal government spent an esti- 
mated $3.8 billion for R&D in the FFRDCs administered by universities and 
colleges alone. 

mSTORICAL EVOLimON 

Whereas the overall role of Japanese national labs has been to reinforce the 
nation's industrial base, increase the Japanese standard of living, and promote 
science and technology generally, the role of U.S. labs has included a major focus 
on R&D needed for national security, energy, the environment, and health, and 
the construction of large user fiadlities. Japanese national labs have continued to 
be more oriented toward research that is useful to industry than have their U.S. 
counterparts. A review of the historical evolution of U.S. and Japanese national 
labs helps to explain these differences. 

Government performance of R&D has a long tradition in both die United 
States and Japan, particularly in areas like agriculture and the standardization of 
measurements. One of MITI's most prestigious labs, the Electrotcchnical Labo- 
ratory (ETL), for example, began testing porcelain insulators for telegraph cables 
during the 1870s. Formally established in 1891, ETL has been compared to the 
U.S. Department of Commerce's NIST, which was founded in 1901 as the Na- 
tional Bureau of Standards to establish basic measurement standards for industry. 

In both countries many new government labs were created after World War II. 
After 1945, the U.S. government reverted to its prewar positicMi that it should not 
be responsible for private sector R&D, while the Japanese government focused on 
helping indusU7 as pan of its efforts to mend its war-torn economy and "catch up" 
with Western technology. Between 1945 and the mid-1960s* DOE labs trans- 
ferred nuclear technology lo industry, in part through educational efforts, and 
moved into basic, non-industrial research areas such as nuclear medicine.* During 
the same period, EIL took on a leadmg ide in adapting and developing iransisior, 
integrated circuit, and Information processing technologies for industrial use. 

During the 1960s the Japanese government made its first serious attempt to 
establish a comprehensive policy concerning its national labs. Japan's Council on 
Science and Technology made recommendations in 1 960 and 1963 that identified 
fields considered appropriate for national lab R&D, laid the foundations for 
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Japan's public leseaich coipoiatkms, and initialed construction of a science city 
in Tsuktiba, now the world's laigest Altbongh the Dnincil included fecommen- 
datioos tliat the labs focus on lUtD diat wouM contribute to die improvement of 

public welfare and long-term R&D that could not be performed by private 
industry, in retrospect it is clear that in this en of "catching up," the public 
welfare was defmed in terms of industrial and econ(Mnic strength. In other words, 
R&D that industry was interested in but that industry itself could not perform was 
seen as appropriate for national laboratories. One of ETL's raisons d'etre during 
this period was to adapt Western technology for Japanese industrial use.^^ 

Wiih the rise of environmental concerns and the onset of the first energy crisis, 
the missions of U.S. federal labs, particularly the DOE labs, were expanded in the 
late 1960s and 1970s. DOE laboratory missions were expanded to include R&D 
on all energy technologies and on the generation, conservaticMi, and effects of 
alternative sources of energy. Japan's AIST labs also began focusing moie on 
alternative energy sources and energy conservation R&D during the 1970s, al- 
though this was not part of a comprehensive policy lo change the rde of Jiqiianese 
national labs. 

THE CHANGING ROLES OF NATIONAL LABS 

Although the 1980s have brought a rcevaluation of the roles of national labs in 
both countries, significant, concrete shifts in direction have not yet manifested 
themselves in cither the United States or Japan. Despite recent Japanese policy 
emphasis on more creative, basic research, many national lab efforts in Japan 
continue to focus on applied areas expected to be useful to industry. Similarly, 
despite increased attention in the United States to technology transfer from 
federal labs to industry, it appears unlikely that technology transfer will become 
the primary mission of many U.S. federal labs. 

Recognizing that Japan had "caught up" with the West in industrial technol- 
ogy, the Council on Science and Technology in 1984 and 1987 encouraged nxne 
'^creative** research and international cooperation. Japanese policymakers view 
science and technology as critical to an emerging new role for Japan in die 
twenty-first century. Because creative research is seen to be hampered by the lack 
of mobility of technical personnel in Japan, the Japanese government passed the 
Research Exchange Promotkm Law in 1986 to facUitate cooperation between 
national labs and other sectors through personnel exchange and the use of com- 
mon facilities. This law also allows national labs to hire foreign researchers as 
employees. The Research Devetopment Corporation of Japan (JRDC) is estab- 
lishing a new program to promote and administer international research exchange 
in fundamenuil fields. The JRDC has also been placed in charge of STA fellow- 
ships for foreign researchers. 

This rcevaluation of the roles of Japanese national labs was stimulated primar- 
ily by improvements in the R&D capabilities of Japanese industry that have made 
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some national lab programs redundant. In the past, Japanese national labs were 
able 10 remain one step ahead of private coipoiations, fiist by levising Western 
technology, and later by developing their own. Examples of technology adapted 
or developed by ETL and transferred to the private sector include transistorized 
computer technology in the 19S0s« pattern recognition in the 196QSt intelligent 
rolwt technology in the 1970s, and Joaephson junction and synchiotion radiation 
technology in the 1980s. A basic dilemma of Japanese national labs is how they 
can, with stagnant government budgets, continue to be of assistance to an indus- 
trial base that has surpassed them technologically in many areas. 

In the absence of a consensus on what constitutes "basic research," Japan's 
current policy emphasis on promoiing nnore basic research raises some questions. 
On the one hand, in conjunction with a new emphasis on internationalization, 
Japan's official policy is oriented more toward scientific research that will add to 
the global pool of knowledge. On the other hand, there is no expectation that 
national labs should divorce themselves from the needs of industry; nor is there 
any evidence that they intend to do so. In fact, some national lab representatives 
see a way to lead private industry by conducting research in fields that are of 
interest, but unfamiliar, to Japanese companies. Some argue that this amounts to 
a **reduction theory*': national labs should be responsible for R&D not conducted 
in other sectors of the R&D system. As a result. Japanese national labs have 
b^n to see tfieir role m **high-risk, large-scale** R&D. In keeping with historical 
trends, however, large-scale projects, such as those sponsored by Mm, tend Id be 
in applied areas expected to be useful to future industries and depend upon 
industry participation 

Increased concern about global competitiveness and its importance to national 
security have also made the roles of U.vS. national labs increasingly difficult to 
define. Although many have been charged with more long-term, high-risk re- 
search since the onset of the 1980s, their role in transferring technology to 
indusuy, long taken for granted in Japan, has recently received considerable 
attention in the United States. This new mission is not. however, universally 
accepted as a wise one. 

In order to accomplish more technology transfer from federal labs, a number 
of steps have been taken. These hiclttde die creation of offices of technology 
transfer in the federal labs, changes in paienth^ and royalty mechanisms that 
permit companies to acquire exclusive licenses and federal lab researches to 
receive a percentage of the royalties fiom commercialized technology, and reim- 
bursement schemes tfiat allow private companies to conduct proprietary research 
at federal user facilities like the synchrotron light sovce at Brookhaven National 
Laboratory. Many of these changes have been embodied in legislation.^ 

The responsibilities of U.S. federal labs have also grown to include the con- 
struction and operation of major user facilities, including particle anc! photon 
accelerators, environmental research parks, and materials labs. These facilities 
ate open to industry researchers and have become popular with foreign research- 
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ers as well Last year, 600 of Oak Ridge's 2300 guest leseaichers came fiom 
industiy, up dramatically from just a few yean ago.^ 

Disagreement continues, however, on the extent to which links between fed- 
eral labs and industry have been built and on whether ihey should be atteniiied. 

To many, U.S. government lab.s make research contributions in their own right, 
and solutions to the specific needs of industry cannot be found by making 
technology diffusion a majcM* role of the federal labs. Although there is evidence 
of an increase in the number of patents issued by some federal labs to industry, 
skeptics wonder if more patents might not have resulted had the same research 
been conducted within industry.^ 

It may just be too early to judge the success or failure of efforts to increase 
technology transfer from U.S. federal labs. TechiK)logy transfer takes time; some 
esdmate that it takes thirty yeara for research results to be fully integrated into 
product technology and lo demonstrate all the potential impacts on the economy. 
Changes in U.S. judicial attitudes toward antitrust lo aUow experimentatkm with 
cooperative industrial RAD have occuived only recently. There is a kwg tradition 
of tenskm between U.S. government and industry lo be ovetcome before new 
mechanisms can be created that encourage the two to join forces. 

In fact U.S. federal labs havealieady made major contributions to some sectors 
of U.S. industry. DOE labs, for example, have played a crucial role in interactions 
with industry in light source research, small angle neutron scattering, polymer 
research, high temperature aqueous chemisu^, and ceramics. Many believe that 
defense procurement and research contributed to the development of die U.S. 
computer industry. 

In some ways, NIST has been a model for government-industrial collabora- 
tion. NIST has a high proportion of guest researchers to staff, published 1,600 
papers last year, and holds countless meetings every year that are attended by 
researchers fioom universities, industry, other federal labs, and foreign countries. 
NIST has k)ng been a ''meeting ground** for researchers fiom aU sectors. NIST, 
and its technology transfer activities in particular, have not. however, been well- 
funded. The controversial nature, even within NIST, of many newly mandated 
functkxis related lo technology transfer leaves the outcome of these programs in 
doubt 

Thus, aldKMigh there is some support for the notkm thatU.S. federal labs can 
make modest contributions to global industrial competitiveness, few believe dial 
technology transfer is likely to become the major role of the labs. The materials 

and instrumentation industries arc considered likely candidates to benefit from 
DOE lab contributions, but many U.S. federal labs focus on basic research and 
some companies have complained that preference for access to expensive user 
facilities is provided to firms conducting "exotic" research (as opposed lo routine 
qualification work). Corporate researchers do not see federal labs as a major 
source of technological infomiaiion useful to industry. 
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ORGANIZATION AND MANAGEMENT OF RESEARCH 

In both the United States and Japan, the official research pfogram planning 

process begins with proposals from the lab's researchers, which are reviewed by 
the lab*s management and then presented to the department or ministry in charge. 
The planning process in both countries involves considerable discussion between 
the lab and the administrative agency. DOE labs make plans with five and fifteen 
year horizons. Major changes in the research agenda of both VJS, and Japanese 
nsoional labs are, however, difficult to accomplish from within. 

The large, multipurpose DOE labs are organized in a matrix -type management 
system. Program directors with no permanent research staff of their own are 
responsible for allocaring funds and managing paitkular projects. These program 
directors gather their staff for individiial projects finmi a centml disciplinary 
division, which manages the lab's tedmical leseaich staff. The fact that the 
disciplimvy division is responsible for ihe quality control of the research staff 
helps to ensure unifionn. high quality research. 

In a similar type of organization, the Japanese National Institute for Research 
in Inorganic Materials (NIRIM) assembles research teams for particular projects, 
which usually last about five years. NIRIM is, however, different from most 
Japanese national labs, in that it is organized around materials that are the subject 
of research, rather than by scientific discipline. NIRIM's directors also include 
indusury representatives. Most Japanese national labs draw their directors and 
research division directors from within the national lab or from the lab's parent 
ministry. 

In theory, Japanese national lab responsibilities are divided by research field. 
The number of labs involved in materials research, however, belies the ostensible 
divisioa of Ubor (see Table 3-1). In the United States, too, there are many federal 
labs woiking in shnilar fields of research. Basic energy research, for eauunple, is 
conducted by labs supported by DOE, NSF, and the Department of Defense. 

INDUSTRY-NATIONAL LAB RELATIONS IN JAPAN 

As noted above, the role of national labs in transferring technology to industry 
continues to be somewhat controversial in tlie United States but has long been 
accepted in Japan. There are a variety of ways in which industry is involved with 
llie work of Japanese national labs. 

Although most Japanese national labs are not like NIRIM, where indusuy has 
a direct say in oversight of the research agenda, J^janese ministries all have 
advisory committees consisting of representatives from industry and academe. 
Through these advisory committees, representatives from other sectors can ex- 
change information and contribute to national lab agenda setting. Japanese 
corporations also send researchers to national labs and support contract research 
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TABLE 3-1 Sampling of the Variety of Japanese National Laboratories involved 
in Materials Research 



kiGnistor of Inlenntiaiid Trade andlndiittry. Agency for hduslrid Science andTecliiiotogy: 

Mechanical Engineering Laboratory 
National Chemical Laboratory for Industry 
Research Institute for Polymers and Textiles 

Electrotechnical Laboratory 

Government industrial Development Laboratory, Hokkai<io 
Gcvernmcnt Induslrial Reieafch iBslitiile^ Tohokn 
Govenmient Industrial Researdi Institute, Nagoya 
Oovemment Industrial Researdi bistitiite, Osaka 

Government Industrial Research Institute, Kyushu 
Government Industrial Research Institute, Shikoku 
Industriai Products Research Institute 

Scienoe and Tectmology Agency: 

National Research Institute for Metals 

Nmioiial Institute for Reseaidi in Inorganic Materials 



by paying for the wmk of national lab researchers. The National Research Insti- 
cme for Metals (NRIM)» for example, conducts creep and fatigue tests for indus- 
try. The number of joint programs between industry and national labs has also 
been on the rise in recent years. Whereas there were only six such pn^grams 
between industry and the national labs of the STA, Mm, the Ministry of Con- 
struction, and the Ministry of Agriculture, Forestry, and Fisheries in fiscal year 
1985, that number had increased to 32 by fiscal year 1988. The government 
budget for these programs has coirespondingly increased from 157 million yen to 
547 million yen." 

Japanese industry also makes considerable use of Japanese national lab equip- 
ment and facilities. One quarter of the companies surveyed by the STA in 1988 
and 40 percent of those worth over 10 billion yen made use of national lab 
facilities.^ ETL also has a "tutoring" program, through which it has transferred 
many newly developed technologies to industry. ETL offers over 200 tutoring 
programs every year; all five of the aforementioned technological advances made 
by ETL have been transferred to industry via its tutoring program. 

Despite recent efforts to encourage greater researcher exchange ham national 
labs to the private sector, die flow continues to be onesided in Japan. Areoent 
survey indicated that for nearly 500 industry researchers dispatched to national 
labs in 1988, diere was only one national hd> researcher who spent time in an 
industry labocatoiy.^ 

There are a number of specialized oiganizations diat have been created in 
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Japan specifically to serve a technology transfer function from govcmmcni labs to 
industry. These include the Japan Industrial Technology Association (J IT A), 
established by MITI. JITA participates in MITI's R&D planning process, publi- 
cizes natkxial lab research accomidishiiieiits, and condacts technological ex- 
chaqge activities and technology assessments. 

Hie JRDC. mentkMied above, is particiilaify active in technology transfer. 
Established in 1961 by the STA. the JRDC functions primarily to exploit govern- 
mem-owned patents by selecting and sqqpofting companies that develop technol- 
ogy based on national university and government lab research results that might 
not otherwise be ejqiloiaed in the commercial nuuketphice. If the company is 
successful, JRDC support is considered a loan to be iqpaid and the company is 
permitted to license the patent from JRDC; if the company is not successful, it is 
under no obligation to repay.^ 

The JRDC funds and adminislcrs the Exploratory Research for Advanced 
Technology (ERATO) program, created in 1981 to join the research efforts of the 
private and public sectors in creative, multidisciplinary research in advanced 
technologies. The ERATO program, which is open to foreign researches, con- 
sists of a number of fivc-ycar projects, for which researchers from public and 
private institutions are hired on one or two-year conu^cts. As it has no research 
bdlities of its own, ERATO lesearch is conducted at the home instimtions of the 
researcheis involved or m rented laboratories sU over Japan. Hie JRDC coordi- 
nates the projects and moves the reseaich lesolts into ledinotogy development by 
licensing resulting patents.^ 

Despite a lack of consensus on the most appropriate relationship between 
federal labs and industry in the United States, theie are a number of mechanisms 
through which U.S. indusHy and federal labs can cooperate. These include 
sponsored research, employee exchange, industrial use of special facilities such as 
that at Brookhaven National Laboratory, recently instituted regulations that allow 
exclusive licenses to be issued from federal labs to private companies, and the 
activities of the Federal Laboratory Consortium, established in part to help indus- 
tiy identify appropriate research under way in federal labs. 

NTT— A SPEQAL CASE 

One former public corporation, NTT, deserves special mention. With 1988 
sales of nearly $40 bOlion, NTT ranks among die world's largest corporations.^ 
Tbe company's operating revenues are about $43 billion and, with 270,000 
employees,'* it is Japan's laigest employer.^ A public coipontion for over Ihiity 
years before it became Iqpdty privatized pursuant to the Nippon Tetegrapli and 
Telqyhone Cbiporation Law hi 1985,^ NTT, with 50 minion subscribers, contin- 
ues to dominate Japan's lelecommimications maiket. 

NTT devotes $L6 billion (3.8 percent of its yearly operating revenues) lo 
R&D, employing 6,000 people in its eleven labocatories and two development 
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centers. NTT has always focused on applied, industry-oriented R&D. The fact 
that Japanese industry has long been willing to send its best researchers to work 
on collabOTative projects with NTT is testimony to the high quality of NTT's 
applied research. NTT's R&D efforts include telecommunications network de- 
velopment and services (ISDN, intelligent networks, personal communications), 
components technology (LSI, photonics, software engineering, satellite commu- 
nications), and idaied technological aieas such asaitificial inielligence and new 
materials. 

With no mamifiKturi^g capability of its own, one of NTTs chief loles has 
been to disseminate the results of its research widely to industiy; techntdogy is 
tiansfened thiough licensing. The company is composed of R&D and business 
sectOfS. NTT maintains close relationships with industry through its business sec- 
tors, and can translate the needs of industry into efficient R&D targets via close 
lies between NTT's internal business and R&D sectors. The movement of 
technology from basic to applied research and to developmental stages is accom- 
plished in part by the fluidity of personnel within NIT: Some of the researchers 
involved in the early stages of a research project arc later assigned to the devel- 
opment of the technology, shortening development time and increasing produc- 
tivity. 

FUNDING AND EMPLOYMENT 

Together, the eight DOE multipurpose labs spend about $4.5 billion a year, 
with the average DOE lab budget about $400 million. While the DOE hd>s are 
some of the laigest m the United States and there are no multipuipose labs in 
Japan widi which to accurately compare them, some Japanese national labs also 
have large budgets. JDA's 1988 national lab budget, for example, was 81,756 
million yen (about S638 million);^ the next laigest agency in terms of national lab 
budget was the Ministry of Agriculture, Forestry and Fisheries, which received 
56,502 million yen ($441 million). 

The sixteen MITI labs specifically created to conduct research useful to indus- 
try together had a budget of 1 13 billion yen ($885 million) in 1988." The largest 
of these, ETL, had a budget in 1987 of 9,447 million yen (S65 million), smaller 
than NIST's total budget of $225 million for the same year.'* In terms of both 
share of GNP and of government R&D budgets, however, NIST is smaller than 
similar labs in Japan.^' 

NIST's technology U^sfer activities have also received scant funding. Only a 
small percentage of its R&D budget is allocated for the dissemhiation of lesuhs. 
Similarly, although NIST has recently been tasked with establishing Manufactur- 
ing Technical Centers (MTCs) for technology transfer, extension services similar 
to those of the Department of Agriculture, a coordinating function for state 
services, and an advanced technology program to support government-industrial- 
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academic consortia, only three MTCs were funded in 1989 

Both countries' national labs have multiple funding mechanisms to allow 
flexibility in choosing research projects. Jaf^ distinguishes between "wdinary" 
and "special project** research. Funds allocated fw "ordinary" ongoing research 
efforts represent steady annual funding for the lab and amount to about 1 .4 million 
yen per researcher per year. These funds can be spent with more flexibility than 
those allocated for special research projects, which are largor projecu^ selected by 
the lab. Special research project funding is obtained by a separate request to the 
Ministry of Hnance. 

In theUniled Stales, DOE late have a seed money system that allows individ- 
ual researchers to propose projects. Fonnally, DOE lab direciors aie empowered 
to set aside 2 peicem of the lab's leseaich funds under this system. Oeative 
reseaichefs can also receive fundhig by developing a ooopeniive program with 
indusify or anodier federal lab. The Advanced Energy Project piQgram of basic 
energy sciences at DOE is one mechanism by which creative, unusual proposals 
that might not be funded through regular channels can be pursued In addition, 
U.S. federal agencies are required to allocate 1.2S percem of their R&D budgets 
to Small Business Innovative Research grants. 

U.S. federal labs arc much larger than their Japanese counterparts in terms of 
employment Most civilian DOE labs, for example, employ 2,000-5,000 people; 
DOE weapons labs can be twice as large. In comparison, all of Japan's national 
labs employ less than 16,000 people. ETL, one of Japan's largest national labs, 
employs only 560 research staff. Japanese national iabs arc also lioublc^l by 
government budget stagnation, which has resulted in a leveling off in the number 
of new hires.* 

In the United States, visiting and guest researcheis account for a significant 
portion of die wofk conducted at federal late. The 2^00 guest researchers at Oak 
Ridge National Laboiatory, which has a total scientific and engineering staff of 
1,600-1,800. for examfde, represented the equivalent of 600 full time employees. 

The contribution of guest researchers to a lab like NIST is especially significant 
Although not expressed in terms of full-time equivalence, the numbeis are none- 
theless striking. With nearly 3,000 employees, about half of whom are profes- 
sional and technical staff, NIST hosted 1,090 guest researchers in residence 

during 1988. 

Information on visiting researchers in Japanese national laboratories is incom- 
plete, but available data indicate that they do not play as significant a role in Japan 
as they do in some U.S. federal labs. In fiscal year 1987, for example, the AIST 
labs invited a total of 382 guest researchers — 145 from abroad and 237 from 
within Japan (most from universities). This can be compared to a total researcher 
force in 1988 of IJSll?^ Other national late on which data are available invited 
far fewer guest researcheis. 
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Consulting Organizations 



Consulting organizations have grown in both the United States and Japan in 
recent years. These organizations arc private entities that perform R&D for or 
provide technical advice to chenis and are reimbursed for their services. They 
may or may not operate for profit. Their clients include universities, private 
firms, and government agencies. Although this broad definition covers many 
U.S. and Japanese organizaticMis, the differences between U.S. and Japanese 
consulting organizations — in terms of historical evolution, roles, organlzatioii, 
and lesouroes-^are moce striking than the similarities. 

The most difiicQlt aspect of such a comparison arises because an important 
type of U.S. consulting ofganizationr-privale, not for profit research institutions 
with their own physical research Idxnatories— does not eadst in Japan. Theieave 
no Japanese equivalents to institutions like Southwest Research Institute or Bat- 
telle, the major focus of discussion here. The closest Japanese approximations, 
Mitsubishi Research Institute (MRI) and Nomura Research Institute, are really 
quite different 

HISTORICAL EVOLimON 

Private, not for profit research institutions have a comparatively long history in 
the United States. Batlclle Memorial Institute was established in 1925 and 
became involved in significant R&D activities in xerography during the mid- 
1940s. During the period shortly after World War II, seven other private, not for 
profit organizations — Stanford Research Institute (now SRI International), Illi- 
nois Institute of Technology, Midwest Research Instittde. Southern Research 
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Institute, Triangle Research Institute, Southwest Research Institute, and Franklin 
Institute — also became major players in U.S. R&D. Of these eight U.S. consult- 
ing organizations, seven are still in operation today.^ 

The "small band of pioneers'* who founded the eight U.S. private, not for profit 
ccxisulting instttutkms did so in response to llie U.S. government's deeitkm after 
Worid War II to reveit lo its prewar policies of not supporting private sector 
R&D. The ofganizations estsblislied were not meant id benefit any particular 
industry, but to support indusliy in senend. AlAough some were ori^nally based 
in particular regjona of the United Stales (Kfidwcst, Soudwin, Tdaogle, and 
Southwest Research Institutes), their foonden saw their nle in die oveiall post- 
war industrialization process.^' 

In contrast to the long history of private, not for profit U.S. consulting organi- 
zations, Japanese "think tanks" were created in the 1970s. Also in COTtrast to the 
not for profit U.S. consulting organizations, Japanese think tanks were established 
largely to help the government respond to problems created by industrialization — 
pollution, urbanization, and transportation problems. With strong connections to 
national or local governments, the Japanese think tanks were established to work 
on national issues being ignored by private industry, as well as to provide 
specialized support Govemment-€ommissi(Xied projects account for a large 
proportion of Japanese think tank activity. The fiact that the Japanese govemment 
played a more significant rale in die nation's industrialization may explain why 
private consulting organizations widi didr own fiKilities for conducting industrial 
RAD did not sprout in Japan as diey did m the United States. 

ROLES 

The seven major private, not for profit U.S. consulting organizations ail have 
physical research facilities and conduct a great deal of applied and experimental 
research. Their applied engineering work spans areas as diverse as the auto 
industry, nuclear and fossil fuel plants, nondesu^ctive testing, space science, 
medical electronics, software, chemical engineering, materials engineering, and 
optoelectronics. Their products include technical analysis, technology innova- 
tion, and technology transfer, all of which depend on internal technical expcriisc. 
Southwest Research Institute's work for the auto industry, for example, involves 
developing technology to meet new environmental pollution standards. 

Japanese tiiink tanks like Nomuia Research Instiuite and MRI, on die odier 
hand, perform no physical researeh and have no laboratory facilities, aldwugh 
diey do have computer systems. Hiese organizations conduct researeh m areas 
such as macioeoonomic analysis, lechno-economic studies, coiponue behavior 
and management, environment and energy, uiban and v^onal issues, social 
systems plamiing, information technology, engineering analysis, and computer 
software development Some of these ofganizations are also involved in informa- 
tion and data processing services, but none directiy conduct physical scientific 
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research. Typical examples of the products of Japanese \hink tanks are MRI's 
design of a national transport system for the twenty-first century and identifica- 
tion (not development) of tedmologies needed lo i m ii ie iem the ooooept of 
undef^ground living space in crowded Japan. 

An impoftant aspect of the role of private, not lor profit U.S. conaihing 
oiganizationg as connact leseaichen for indostiy is tfwir ability to maintain 
confidentiality and independence. The fiKt that tlie seven nuyor private, not for 
profit U.S. consulting organizations have been in business for so nuuy yeafS 
without violating the confidentiality of proprietary infonnation is testimony to the 
effectiveness of their systems. Great care is taken lo see that conflicts of interest 
are avoided between ongoing projects.** 

Japan's major think tanks are all affiliated with a large business group. MRI, 
for example, is a part of the Mitsubishi group. Some believe that Japanese 
companies oubide the Mitsubishi group may be reluctant to turn to MRI to 
conduct sensitive, proprietary research because of a potential conflict of interest. 
Although it has been argued that large Japanese companies, which have their own 
considerable R&D capability, have no need to contract research outside, the fact 
that some large Japanese fiims are oonnactlng reseaicfa torn U.S. ooosolting 
institutions indicates the existence of a Japanese mailcet for high-quality, uide- 
pendent leseaich that is not being adeq^aldy served domesdcally. 

There are Japanese oonsolianis who woik with proprielaiy infonnation fiom 
many different companies. The principal "coasuhanf is usually an individual — 
often a university professor or a reseaicher in a governmental or semi-govein- 
mental laboratory. These individuals work for companies as individuals and not 
as representatives of the organizations by whom they are employed; they may not 
even be paid directly by the companies. Enjoying the trust of Japai»cse corpora- 
tions similar to that enjoyed by private, not for profit consulting organizations in 
the United States, they are sometimes identified by industry through their partici- 
pation in professional associations. 

Consulting organizations can be called "bridges" for a variety of reasons, but 
differences between liie capabilities of U.S. and Japanese consulting organba- 
tions dictate different types of bridging roles. Consulting orgamzations can be 
bridges by offering technical advice or conducting R&D of a type not available 
within their clients' facilities, by acting as intermediaries between their clients 
and others as a consequence of their specialized knowledge,, or by ab8ori>ing, 
"adding value** to^ and disseminatmg infonnation lo and from a variety of organi- 
zations. 

Japanese think tanks are less capable than U^. consulting oiganizations of in- 
house technotogy devetopment but they are particulariy well-su&ed to disseminat- 
ing informadon and in some cases helping to build consensus among organiza- 
tions within the science and technology community. An example of a U.S. 
consulting organization's activities in the collecticxi and dissemination of infor- 
mation is Battelle's multiclient program on "Advances and Opportunities in 
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Nonlinear Optical Materials," which permils subscriber companies access to 
research literature analyses and forecasts. 

Fboioiilc Integratioa Research Inc. (PIRI). a joint ventme company located on 
the Batielle campus in Cdumtms, Ohio, is an example of a brid^ between 
research and devdopmentalapplicatkms as weU as an inieniati^ Thiough 
imBatteUe is wofldng in partnership wiAMilsohi^ Id 
Gommeicialize an advanced fiber optic component technology developed by 
NTT. 

Consulting organizations bridge international boundaries, but some in the 
United States perceive consulting orgfuiizataons ID be primarily a one-way bridge 
from the United States to Japan. Japanese companies are increasingly contracting 
research from private U.S. consulting institutions. Batielle, for example, reports 
rising numbers of programs involving Japanese clients, most of which are coor- 
dinated through Battelle's relationship with Mitsubishi. Southwest Research In- 
stitute has a similar arrangement with the Mitsui Technical Development Center. 
Japanese companies also appear more eager to take advantage of the services 
offered by U.S. consulting organizations than arc U.S. companies. The Batielle 
program on nonlinear optics, for example, has attracted 27 Japanese and three 
European companies, but only one U.S. subscriber company.^ Battelle's efforts 
ID commercialize an NTT-developed technology, mentioned above, is an example 
of technology flow in the other direction— from Japan to the United States. 

Reflecting their brooder scope, the private, not for profit US, consulting 
organizations are large employers. Battdle, for example, employs 7,500 people 
atxl Southwest Research Institute has 2,400 employees. MRI employs only 700. 

The backgrounds of these employees are also different Private, not for profit 
U.S. consulting organizations employ many scientists and engineers. In contrast, 
the professional staffs of Japanese think tanks may have expertise in fields like 
economics and computer science, but they have limited internal staff with techni- 
cal or engineering expertise. They go outside the company when contracts 
require technical expertise. 

Although the major U.S. private, not for profit consulting organizations under 
consideration here count the government among their clients,** they pride them- 
selves on the fact that they do not receive government subsidies. They may 
depend on U.S. government contracts for a significant portion of their research 
activities, but they do not receive any 'Inse** or "guaranieed** government fund- 
ing. 
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Professional Associations 



Professional associations are non-profit entities formed of individuals involved 
in particular technical disciplines or industrial sectors.*' These associations are 
held together by the common bonds of scientific or engineering disciplines and 
are among the most open communication channels available for the dissemination 
of international scientific and engineering information, both nationally and inter- 
nationally. As such, professional associations may represent opportunities for 
increased access to scientific and technical information in the two countries. 

HISTORICAL EVOLUTION 

Professional associatioas have a century-long hismry in both the United Stales 
andJapan. The American Society of Civil Engineers, the American Society of 

Mechanical Engineers (ASME), and the Japan Society of Mechanical Engineer- 
ing (JSME) were all established in the nineteenth century.^ Professiooal associa- 
tions have continued to evolve to take into account the development of new fields 
and interests. In the United States, the Institute of Electrical and Electronic 
Engineers (IEEE),*' was formed from a merger of the American Institute of 
Electrical Engineers and the Institute of Radio Engineers. The Japan Society for 
the Promotion of Science (JSPS), which is not a membership association, was 
created as a non-profit private foundation, and later reorganized as a semigovem- 
mental organization. 

In the United States, where new professional associations can be created 
relatively easily by a group of interested parlies who establish non-profit status, 
they are created frequently, multiplying to the extent that there are professional 
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associations within professional associations. They all receive piefefential treat- 
nent by the gDvemment and lax authorities, including lediioed postal rates for 
their ptd)lications. 

In Japan* however* it is becoming increasiiigly difficult to receive goveniment 
authorization to establish new professional associatioas. Although it is techni- 
cally possible to create 'hmauthorized** professional associations in Japan, the 
advantages to government authorization include the right of members to elect 
members of the Science Gouncii of Japan and a reduced postal rate for journals. 
Japanese scientists and engineers with interests in a new field would most likely 
convene within an established professional association, whereas U.S. scientists 
and engineers are more likely to form a new association representing their new 
field of interest. 

The U.S. National Academies of Sciences and Engineering, and the Institute of 
Medicine, because they are different in many ways from other professional 
assoc iations, require separate mention. The National Academy of Sciences (NAS) 
was established by government charter as a private, non-profit institution in 1863. 
The National Academy of Engineering (NAE) was established in 1964 under the 
same charter, and the Institute of Medicine (lOM) was founded in 1970. Japan 
has few direct counteqiaits to these institutions. The Japan Academy's member- 
ship includes a broader range of scholars than scientists and engineers. TheJapan 
Engmeering Academy was established only recently as a privaie sector initiative. 

ROLES 

The professional associations of both countries play similar roles in some 
areas, but they also perform unique functions. These include the Japanese 
professional associations' system for cooperative research and the role of some 
U.S. associations in policy advice to the govemmenL These differences will be 
addressed further below. 

The primary role of most professional associations is information exchange, 
primarily the exchange of research results. In the Uniied States, professional 
associations have conuibuted by forming "invisible colleges'* because of their 
effectiveness in promoting interchange and interpersonal networics among people 
with sunilar technical interests. In Japan, established professional associations 
like the JSME and the Japan Society of Tribologists (JAS1) consider information 
exchange their primaiy function. 

As they add transnational Issues tt> their traditional concerns with national 
issues, professional associations can also be bridges between the scientific com- 
munities of different nations. The NAS has long been involved in international 
exchange activities; the NAE has played a leading role in the Council of Acade- 
mies of Engineering and Technological Sciences. The IEEE has a very active 
section in Tokyo. In Japan, the JSME has cooperative agreements with the 
mechanical engineering associations of seven other countries, including with the 
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ASME.** Japan's Civil Engineering Society recently became the first Japanese 
professional association to establish a scientific exchange fund to aid engineering 
researchers from developing countries who wish to conduct rcsc^ch in Japan.*' 
JSPS. the semigovemmental organization noted above, considers the support of 
imeniational cooperation in science one of its primary roles, and devotes up to 60 
percent of its budget to iniemational programs.** 

One of ifae pfimaiy meclianisms used by die piofBssi^ 
countries for die exchange of infonnadon is conferences and meetings. Annual, 
local, natkmal, and inteniadanal meetings, as well as seminars, woriohops, and 
educational pfograms tsing professional association members bce-to-fiKe, over- 
corn ing some of the barriers to inter-secioral communication. 

Professional association meetings are especially important in Japan because of 
the large number of papers presented. As many as 3,000 15-minute papers may 
be presented at one conference. Although these papers are presented witliout 
review and may therefore be of mixed quality, they give evidence of new direc- 
tions of research in progress. Abstracts published for meetings of the Japan 
Society of Applied Physics (JSAP), for example, can be submitted three months 
before the meeting, in contrast to the nine-month delay between submission and 
publication for the Society's English langu^e journal.^' For many journals, the 
delay is more than a year. 

In Japan, where loiig-tenn employment separates researchers from diffeient 
sectofs, pfofessioaal associatioii meetings also play a particularly important role 
in die exchaxige of information among universities, government, and industry. 
Five hundred sixty-six papers weve presented at a recent semi-annual meeting of 
the Japan Society of Precision Engineering (JSPE), which attracted nearly 22 
percent of the association's membership. Statistics from the JSPE meeting, as 
well as JSME membership statistics indicate that in Japanese academic and 
engineering associations, the information flow is primarily torn university members 
to industry members (sec Tables 5-1 and 5-2). 

U.S. professional associations place greater emphasis on publications as a 
mode of communication than do Japanese professional associations. The IEEE, 
in addition lo its well-known journal, Spectrum, publishes 50 journals in special- 
ized subfields of electrical engineering, electronics, and computer science. The 
American Association for the Advancement of Science (AAAS), publishes 5c/- 
ence, one of the most widely read and important publications on science and 
technology policy in the country. The activities of the AAAS arc an example of 
the increasing involvement of U.S. professional associations in pubfic a£foifs diat 
has come with the rising importance, complexity, and globalization of science and 
technology. Hie American Chemical Society releases English translations of 
abstracts of Japanese and otiier foreign chemistry and chemical engmeeriiig 
literabire through its subsidiary. Chemical Abstracts Service. 

In the United States, the NAS was organized to provide advice to the govern- 
ment on scientific and technical mailers upon request Elected members of die 
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TABLE 5-1 Distribution of Participants and Papers Presented at the March 
1989 Semi-Annual Meeting of the Japan Society of Precision Engineering by 
Affiliation (Percent) 



Affiliatioa Induitxy Univcnities Other 

PMktpnli 70 20 10 

P^ipen pfCMnied 2S 60 15 

SOURCE: Toshio Sala, 'Technology Transfer in Japanese Academic Societies and 
Engineering Associations," U.S.-Japan Dialog on Differences and Similarities in the 
Working Environment for Research, Workshop on National Labs and "Bridging" 
Otgmizationi» June 5-6. 1989. 

TABLE 5-2 Distribution of Members and Contributed Papeis at Ihe Japan 
Society of Mechanical Engineering by Affiliation (Percent) 



Affiliation Industxy Univenities Other 

Members (1985) 73 16 11 

PiVen oonliibuled 12 84 4 

SOURCE: Yukio Hon* pKsentadan, U.S.-Jqsan Dialog on DifTerences and Similarities in 
the Working Enviromnent for Reseaich» Wodcshop on Nalioiial Labs and 'bridging" 
Organizationst June 5-6, 1989. 

Academy oomplex (the NAS, NAE, and lOM) join with other pnifessianal scien- 
tists and engineers in volunteering their time and expertise to the work of the 
National Research Councii. Not a professional organization in itself, the National 
Research Council was Ofganized by the NAS in 1916 and has become the 

principal operating agency of the NAS and the NAE in providing services to the 
government, the public, and the scientific and engineering communities. The 
Research Council is administered jointly by both Academies and the Institute of 

Medicine, 

As mentioned earlier, there is no direct Japanese counterpart to the Academy 
complex. The Science Councii of Japan advises the central government on 
scientific matters, but it is part of the government and until recently its members 
were elected by registered individual scholars. It is not considered a professional 
association as such, although since 1986, its members have been nominated by 
members of authorized Japanese professional associations. The Science Council 
also includes members representing the social sciences and humanities. 

The most distinctive role of Japanese professional associations is their system 
of cooperative research. This system provides for direct industry support of and 
uivolvement in the associations* research projects. Such reIationshq» are almost 
unheard of widiin VS. professional associations. Hie ASME's Center for Re- 
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search and Technology Development, which manages and organizes research 
with govemmwit and industry supped is an exception in the United States. 

The major mechanisms used by Japanese professional associations in coopera- 
tive research with industry are internal research committees organized to pursue 
a specific research topic. The ratio of committee membo^ from industry to those 
fiom academe is approximately 8:2 in associations focused on engineering and 
2:8 in associations that aie more academically-oriented. The research oommitiees 
of engineering assodadonsibcusonpncticaldeveloiRnentsofl^^ During 
1978-1982, for example, the manu£Ktinng engineering researeh oomminee of 
the Japan Socie^ of AiMomolnle Engineets developed user-oneniBd 
systems and standaidized computerized progvammable contrallers." 

Japanese academic associations are also active in research with practical 
industrial applications, in part because the continuation of their research efforts 
may depend on industry funding. Many have had university-industry cooperative 
research committees in place for many years. JSPS has had such a system since 
1933, JSME since 1958, and J AST since 1964. The cooperative research commit- 
tees arc separate from the academic association's other research committees. The 
exact status of the cooperative research committees is slightly different depending 
on the association, but all receive support from industry. 

R&D commiiiccs of the JSPS conduct research for up to three years with 
government support. These committees conduct the initial stages of research, 
laying the groundworic fbr industry-univenity commitlees (lUCs), which must 
have industry support to continue their research. Examples of topics that have 
been studied by lUGs at JSPS (there have been 153 since 1933) include the life 
cycle of rolling bearings, thin fihns technology, optical and microwave technol- 
ogy, nanometer stmchire etectronics, and microbeam analysis. As industry has 
strengthened its own experimental research programs, however, the research role 
of JSPS has been diminished. JSPS continues to play an unportant role in the 
exchange of information useful to industrial researchers. 

Another example of how professional associations work with industry is the 
JSPE research program for ihe development of CAD/CAM systems created in 
1982. Under that program, the association is currently studying the commerciali- 
zation process and industrial members of JSPE have developed systems for 
private commercial use. JSPE was able to instiujte the program with the support 
of a budget created by raising the industrial membership fee to $16,000. 

ihe JSME forms subcommittees for each research topic under one industry- 
university cooperative research committee. JSME has formed 94 such subcom- 
mittees in the last three decades; each operates for about three years. There are 
currently 16 such subcommittees in operation. They receive financial support 
fitom industry, as well as from the government Examples of JSME research 
topics inchide nonlhiear finite element methodology, ultn-high precision manu- 
facturing, noise reduction, high efficiency production, static dynamic characteris- 
tics, computer programs for flow analysis, and thermal engineering. 
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U.S. professional associations emphasize "service to members." One dimen- 
sion is career development and employment In the United States, professional 
associations often feature seminars and journal articles on employment prospects 
and issues affecting the profession. This is not a formal activity of Japanese 
professional associalioitt. 
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"Hybrid" Organizations 



One of the distinctive featuies of Japan's R&D system is the growth of 
"hybrid** organizations that enjoy support firom the govenunenl but mvolve con- 
sideiable initiative and opeiatiaaal diiectian from private sector companies. While 

observers may disagree as to whether particular organizations have achieved 
breakthroughs in technology, these evolving organizational experiments do repie- 
sent a variety of mechanisms for government-industry cooperation that have no 
direct parallel in the United States. 

MITT-SPONSORED JOINT RESEARCH LABORATORIES 

During ihe 1970s and 1980s Japan established a number of collaborative 
research projects with some form of government support or sponsorship. All of 
them bring together researchers from national and corporate laboratories in efforts 
10 develop technology* in most cases with Mm support These projects are 
established to last for finite periods of time. In recent years the direct influence 
of the government has diminished as organizational mechanisms have been devel- 
oped that allow the private coiporations involved to lake on larger roles.^ 

The first and best known project that involved a collaborative htoatory was 
the Very Large Scale Int^raied Ciicuit (VLSI) project, which ran finom 1976 until 
1980. The goal of the project was to devdop fine pattern lithography usiqg 
electron beams. It is important to recall that at the time of its establishment, tfaeie 
were conflicting views about the idea of establishing a collaborative laboratory. 
The concept has been attributed to the Industrial Electronics Division of Mill and 
leaders in ETL. 
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The government funded 60 percent of the budget on the condition that the 
companies would repay the government when they turned profits on the technolo- 
gies developed. Five participating companies formed an engineering research 
association. Most of the research was conducted in the separate laboratories of 
the member companies, although a joint laboratory was established. As the first 
experiment of its type, the VLSI project encountered a number of difficulties, 
most of which centered around the need to build trust among competing Hrms. 
Close observers also believe that the near-term nature of the research target, 
defmed b> a perceived need to **caich op** with IBM» made it difficult to attnia the 
highest quality leseaichers ftom the participating firms. 

A second gpneiaiion pvcject, the Opto^ectionics Joint Research Laboratory 
(QII^ 1981-1986), had a more narrow bm also moie futuristic target devetofring 
muld-dimensional super-lattice technologies with atomic scale control and evalu- 
ation. The project involved developing optoelectronic integrated circuits (OEICs) 
based on existing technology, as well as basic research carried on in the OJL to 
lay the groundwork for more advanced OEICs. With a budget of $50 million, the 
on. was organized in six research groups with researchers from the nine partici- 
pating companies. 

A third generation project, the Optoelecu^onics Technology Research Labora- 
tory (OTL), was established in 1986 and continues today. Unlike the other two 
projects, this one was established by the Japan Key Technology Center.^ In 
many ways this project is a direct extension of the OJL: the same companies that 
participated in OIL have become stockholders (along with a few additional 
companies) and the R&D focus is next generation OBIC technology/' 

An important feature of all duee projects is diat die work of die joint laboratory 
is in bade research, while die perticipatmg firms independendy pursue more 
applied research, competing diiecdy in device development Attracting good 
researchers has been an issue in each case. In the case of die OJL, six research 
groups were established, but die fact that the researchers worked in common 
laboratory space encouraged spontaneous collaboration. Interestingly, research- 
ers in both the OJL and OTL were not at the outset specialists. As time passed, 
the work of research required cross fertilization of research groups. Observers 
believe that the neutrality of the joint lab and the fcxus on more basic research 
made possible frank discussions uncommon among researchers from competing 
companies. In the OTL, unlike its predecessors, researchers from different 
member companies are thoroughly integrated into the research groups and re- 
searchers themselves have more freedom in selecting subjects. 

Even those directly involved in the joint laboratories argue that liierc is no easy 
way to evaluate "effectiveness.*^ Joint research has in diese projects become 
more effective and deeper over time, particularly as the focus has shifted to 
longer-term goals. According to participants, die member companies are inter- 
ested and supportive of projects precisely because diey are risky and futuristic — 
not the kind of work they are anxious to or can effiectively take on independendy. 
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Projects with futuristic goals can, however, be narrowly targeted to build research 
intensity (a comparatively large group of top quality researchers working on a 
well defined area). It is also important to note that as participating companies 
have built mutual trust, government direction has declined. At the very least, 
these joint projects are interesting experiments in organizational design. Consid- 
ering the evolution noted above, it appears that learning has occuned— not only 
in developing technologies, but also in organizational design. 

Another example of a joint efifort is MITI's Hfih Oenesation Compuier ^k^- 
ect Planning for the project began in 1979 and in 1982 the Insiituie for New 
GeneratiGn Oxnputer Technology QCOT) was formally established and a ten- 
year development plan initialed. The purpose of the project is to develop the 
technologies needed for a new type of computer, lliere are more than 100 
researchers now working at ICOT from member organizations that include na- 
tional labs, NTT, KDD (Kokusai Denshin Denwa), and corporations such as 
Fujitsu. With a $40 million budget in 1988, ICOT researchers are working on 
basic software development as well as parallel processing and relational data- 
bases. The goal of the final stage of the project, which has just begun, is to 
develop a prototype system. Leaders of the project, however, describe it as one 
involving primarily basic and "pre-pre-compcudvc" rcscarch.^^ It is probably too 
soon 10 draw conclusions about the success, but it should be noted that foreign 
researchers have joined the project and foUowsfaips are available to support work 
there. 

^'HYBRID" ORGANIZATIONS IN THE UNITED STATES 

While dieie aie no direct parallels to Japan*s government-sponsored joint 
laboratories discussed above, hybrid organizations have been developed in the 
United States. Whereas in Japan the locus of activity is private sector corpora- 
tions, in the United States universities form the core. Eighteen Engineering 
Research Centers (ERCs) have been established by the NSF to change the way 
that engineering research is done at U.S. universities. 

Key features of the ERCs are their cross-disciplinary research and education 
with a systems oneniation, technology transfer, and participation by industry. 
The ERCs focus on a range of technology areas that were not predetermined, but 
arose in the process of proposal review. Seven work on manufacturing and 
design, for example, three in microclccLronics and optoelectronics, three in mate- 
rials processing, two in biotechnology, and three in other areas related to energy 
and the environment Due to Umitedfundmg (less than $40 million in 1989) and 
the laige number of proposals, only a small fiaction of proposals have been 
successful in receivmg awards. The ERCs are funded on an incremental basis (m 
five year periods with interim third-year reviews), but a new proposal must be 
submitted after 1 1 years have passed. 

The ERC is a partnership v^ere the U.S. government Q^SF) provides fondiog 
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(half of the tocal), coordination, and oversight The iinivefsity provides the 
research and educational base, facilities, technology transfer mechanisms, and 
management. Industry coninbutes funding (about 30 percent of the total), along 
with advice and specialized expertise. Based on a subscription rate schedule, 
smaller companies pay less to panicipate. Participation by foreign companies in 
the ERCs is growing. The imiversities determine participation, but the general 
quid pro quo principle must be followed and the companies must open their doors 
to ERC researchers and students, as in the case of U.S. companies. 

Examples of ERC impacts can be died. Reseaidi at Lehigh University has 
enabled a member finn lo become die fint U^. competitor widi Japanese and 
Oemian finns in producing welded wheel tracks for nUroad cars. Carnegie 
Mellon University baa developed a design ^slem with General Mottn diat is 
being implemented in its Fisher Body Division. Hie ERCs also have had aca- 
demic impacts m training gnduate smdents in fields like optoeledninics engi- 
neering, in established cross defiartment degrees, and new graduate curricula. 

Interest in collaborative research has grown in recent years in the United Stales 
and there are a number of state and regional initiatives that involve government 
suppoit. Sematech, a consortium that has recently been established with U.S. 
government funding, will involve private sector firms working on semiconductor 
manufacturing R&D. A history of concern about possible collusion among 
competing firms working together has acted to limit collaborative activities be- 
tween U.S. government and industry. U.S. universities have instead been the 
locus of joint action here. Recent changes clarifying exemptions from antitrust 
law for joint R&D efforts and new thinking about the potential gains from joint 
qjproachea may weU lead to new experimentation in the near future. 
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The many organizations that aie neither puiely academic nor purely industrial 
offer possibilities for expanding access tluDugh exchange of researchers and 
information. The pattern of the past* however, has been one of Japanese partici- 
pation in and access to these organizations in the United States, twt no similar 
experience for U.S. technical personnel with respect to Japan. 

Because they are the targets of national government policy in both countries, 
national labs offer opportunities for increased exchange and collaboration under 
bilateral agreements such as the U.S.-Japan Agreement for Cooperation in Sci- 
ence and Technology. Because they arc R&D organizations under the government's 
direct control, however, they can also become the objects of restrictive policies 
baaed on efforts to secure or maintain national technological leadership. Despite 
the gradual changes under way ui U.S.4a|)ane8e natioiial lab cooperation, some 
believe the legacy of asymmetrical access, combined with increasuig concerns 
about global competitiveness, nuiy lead to restrictions on foreign access to the 
U.S. research environment or to a push toward indigenous technology develop- 
ment in Japan. 

U.S. federal labs, except for those conducting classified research, have tradi- 
tionally been open to foreign researchers. Last year Osk Ridge National Labora- 
tory received 1 ,200 visitors from Japan and 64 Japanese scientists and engineers 

conducted research there. Of its 1,090 guest researchers last year, NIST hosted 
432 from foreign countries; 32 of those were Japanese. This openness represents 
a significant investment on the part of U.S. labs. It is estimated that a U.S. staff 
scientist who hosts a full time visiting researcher must devote about 20 percent of 
his time to guiding that researcher's activities.^ 
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In 1987, all of Japan's national labs together received only 543 foreign rc- 
scarchers.*' Although ETL receives 1 ,200 foreign visitors each year, in fiscal year 
1988, it had less than 40 foreign guest researchers.*' Of the 26 accepted as of 
November 1988, five were from North America.^' Japanese figures on national 
lab exchanges do not include large, national inter-university research institutes 
under the Ministry of Education, some of which receive numerous foreign re- 
searchers and conduct significant basic research. The National Laboratory for 
High Energy Physics (KEK). for example, received 325 foieign visilOfS in 1987, 
about 100 of whom stayed nxxe than one month.*' In comparison with the 64 
Japanese visiting lesearcbeis to Oak Ridge, the U^. lab sent only four lo Japan. 

The leasons for the disparity between the number of Japanese reseaicfaeis in 
federal labs and the number of reseaichers in Japanese national labs are 
complex, including problems on both sides that extend beyond the policies of the 
laboratories. The career patterns of government reseaicheis are different in the 
United States and Japan: Research abroad is generally seen to be more advanta- 
geous to a Japanese researcher's career than to that of his or her American 
counterpart. The shift in support for graduate education in the United States from 
grants to loans may also restrict the ability of young post-graduate researchers to 
go abroad. Research abroad is a luxury for a young U.S. researcher faced with a 
large student loan debt to be repaid. A number of other barriers have been noted, 
including expensive and inadequate housing in Japan, the language barrier, the 
lack of adequate accommodations for the education of foreign children, and a lack 
of experience in hosting foreign researchers from advanced industrial countries. 

Theie aie signs of change, however. Researchers at NIST report that they have 
good access to Japanese national labs, including those of Mm and NTT. The 
nunto of fiireigners in Japanese nadonal labs, while still small, has been increas- 
ing in recent years,** and recent changes in Japanese laws allow the emplcqnnent 
of foreign researchers in Japanese national labs and univeRities. New fellowships 
specifically aimed at helping foreign researchers who want to work in Japanese 
national labs have also been established As of October 1989, the NSF had 
awarded 22 STA fellowships. Although less than half of the slots administered by 
NSF have been filled, the number of U.S. postdoctofal researchers applying for 
and receiving these fellowships has been on the rise. 

On the U.S. side, federal labs are also beginning to encourage their research- 
ers to go to Japan, where there are good research opportunities. NIST and other 
U.S. labs offer Japanese language classes during working hours for interested 
researchers. There is also significant, ongoing collaboration between the United 
Suites and Japan through national labs. Oak Ridge National Laboratory, for 
example, is involved in collaborative research with Japan in areas such as new 
materials for fission energy, fusion development, nuclear fuel reprocessnig, nu- 
clear shielding, and nuclear physics. 

In looking to the future, environmental and global issues ofiTer **fertile ground** 
for additional collaboration. These include critically important areas that require 



Copyrighted material 



36 



complex, expensive, long-ierm, multidisciplinary research; examples are ozone 
depletion, globally distributed contaminants, erosion, desertification, ocean pollu- 
tion, urbanization, biodiversity, deforestation, and resource depletion. 

U.S. consulting organizations are becoming increasingly international. Some 
large U.S. not for profit consulting organizalioiis have seen Ibeir contract lesearch 
for Japanese clients giow. in lenns of contract valiies» midtklient pragnms, and 
the joint conuneiciallzation of research lesulis. Soufliwest Research Inslitnie, for 
example, conducts research for Japanese clients in an anay of eqgineeriiig fields. 

These trends can lead ID challenges as weU as qnniliniilies. a mi^ 
the question of whether consulting organizations will assume a significant lole in 
a two>way transfer of science and technology, particularly fiom Japan 10 the 
United Stales. Working with foreign clients can lead to expanded personnel 
exchanges, an indispensable ingredient of technology transfer. The proprietary 
nature of much of the work of U.S. consulting organizations, however, requires 
that projects are compartmentalized and visitors escorted. U.S. consulting organi- 
zations will be increasingly challenged by potential conflicts between the interna- 
tionalization of research and maintaining their lifeline of confidentiality. The 
internationalization of science and technology also highlights the need for trans- 
lation of scientific materials in a timely manner. For some U.S. not for profit 
consulting organizations with ties to Japan, access to scientific infonnation fkom 
Japanese companies is fiicilitaied by physical visits lo die Japanese location. 

AlduMigh diere have been isolated cases of restrictions on fiofeign attendance 
at meetings hi recent yeais, piofessionalassocialionsniay represent one of the 
most open avenues for international access to scientific and technological infor- 
mation. A few Japanese professional association journals, such as those of the 
JAST and the JSAP, are published in English, as are the results of some profes- 
sional associations studies (eg., the JSPS study on rolling bearings). There is 
however, a considerable lag in receiving English language Japanese scientific and 
technical information, an indicator of the need for more, better, and faster trans- 
lation. An important obstacle lo U.S. access is the fact that Japanese jwofessional 
association meetings are conducted in Japanese. U.S. researchers will need to 
make special efforts to learn more about the infonnation that is exchanged at 
Japanese professional association meetings. 

In view of the fact that Japan's national labs, professional associations, and 
"hybrid" organizations perform important roles in carrying out and disseminating 
the results of R&D useful lo industry, diese oigantzations offer unique opportu- 
nities for learning fiom Japan. In addition lo die technology developed and 
adapted by diese organizations, diey are worthy of sdidy from an organizational 
penpective. Hie 'liybrid** organizations are still evolving, but diey provide 
mechanisms 10 join efforts among competing private sector firms, a goal advo> 
cated by some in the United States today. While comparatively little attcniion has 
been paid to the professional associations in Japan, they are also actively involved 
in R&D projects useful to industry. *Trofessional associations** function some- 
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what differently in the United States and Japan, but these differences must be 
taken into account if they are to play a large role in international R&D collabora- 
tion. 

Orgaiiizauons that are not purely academic or industrial play important roles in 
the Japanese and American R&D systems, although those roles are often differ- 
em. Sciined6BGiibel]iema8*1mdging'*oiga]iizatim 
basic leseaich carried out primarily in univenities and the moie applied and 
proprielaiy leflearcii under way in private cofpoiations; it is dear that diey 
peffonn a wide amy of otfier functions. It may be moie accurate tt> view lliese 
oiganizalians as islands in a river, witli one baidc fbnned by the universily 
research facilities and the other bank by oocpoiate laboratories. In this sense, the 
organizations that are neither purely academic nor industrial form important parts 
of a complex and dynamic R&D system in both countries. In addition to actually 
carrying out R&D, they in some cases help to set R&D priorities, diffuse technol- 
ogy domestically, and u^sfer technology internationally. Understanding these 
organizations better is a prerequisite for improving their effectiveness in two-way 
access to the R&D systems in the two countries. 
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